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ABSTRACT

The strength distribution of the isoscalar Giant Quadru-
pole Resonance (GQR) for actinide nuclei, obtained from photonj
eélectron- and hadron- induced reactions, is analyzed in terms
of a cranking model for the fraémentation of the GOR. The role
~played by the low~lying E2- strength for the correct delineation

0f the GOR parameters is presented.

*Supported in part by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico-CNPq (Brazil).

‘KEYWORD ABSTRACT .

NUCLEAR REACTIONS 238y (a,a'), B = 100 and 172 mev; 238g(e,f),
E = 5-30 MeV; *3Bu(y,£), B = 5-7 mev; 232pn(e,f), E = 5-8 MeV;
2320 (v,8), E = 5-7 MeV; 0(8) and o(E), available from the 1i-]

terature, are analyzed. Deduced B{E2) enerqgy distribution for

the giant quadrupole resonance. HNatural targets.
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SPLITTING OF ISOSCALAR GIANT RESONANCES IN ACTINIDE NUCLETI

J,.D.T. Arruda-Neto

Instituto de Fisica, Universidade de §ac Paulo, S3o Paulo, Brazil

The characteristics of the isoscalar Giant Quadrupole Re
sonance [GQR), for actinide nuclei, have been studied intensive

1-8) | sow-

ly by means of electron-and hadron- iﬁduced reactions
ever, the question regarding the decay channels of the GOR is
st111 open. The results available in the literature are restric
ted to the.fission decay mode; the conclusions drawn from all
these experiments are controversial with respect both to the dis
tribution of the GQR strength (peak and width) and to its fis-
sion branching ratio.

In this brief report we would like firstly to analyze the
distribution of the GOR strength in the light cf the splitting
of the GOR in the framework of the cranking model (as developed
in ref. 9); secondly, to show that the low-energy portion of
the E2-strength (near the fission barrier) represents a substan
tial fraction of the total GQR strength and, therefore, plays a
erucial role in the determination of the. GQR parameters. In or-
der to achieve these two goals we make use of the GQR data oh-
tained from electro- and photofission experiments for actinide
nuclei. The main conclusions are compared to the results recen-

. tly obtained from hadron scattering studies. The two = existing

10,31}' 238U(e,e'f) , are not consi

coincident electrofission data
dered here, because with the kinematics and procedures of these

experiments it was not possible to disentangle the E2 from the E0 contri

butions. In addition, while the (e,e'f) spectra obtained at

stanford'!) exhibit a clear structure around 9 MeV, the similar

10}

{e,e'f) experiment carried out at Illincis shows nearly struc

tureless spectra. For the inclusive (e,f) reactions, at low ener
gies, the B0 transitions (and all the EL transitions with L » 2}
are not important (we refer the reader to refs. 8 and 12 for more
details) . We emphasize that it is not our intention, in this work,
te discuss the prgsent status of the GQR fission branching ratio.

The width of the GOR, ec.g. 239Q

R as deduced from
the electron~ and hadron-induced reactions, ranges from a maximum

B ]
of ~ 7 Mev [?btained in a (GLi,GLi) experimentS) s
to a minimum of

~ 3 MevV |from the (¢,a') experiment reported in ref. 6]; seg Ta-
ble 1. The main characteristics of all these available data are:
(1) the centroid energy of the GOR observed in the electron-indu
ced experiments is, systematically, ~ 2 MeV below the one cbhser-
ved in hadron scatterings): (2) the distributicon of the GQR
strength deduced from the hadron scattering spectra vanishes for
energies below ~ 8 MeV. This second characteristic brings on a
serious problem, namely: without the detection of all the E2-
—-strength it is nearly impossible to delineate correctly both
the peak and width of the GQR. The concentration of E2-strength

below ~ 8 MeV, in the actinide nuclei, is not a speculation but

an experimental fact, because both photofission and electrofis-

sion angular- distribution data acguired over the last twenty
five vears show there toc be a significant E2 component at exciﬁg
tion energies near the fission barrier13—18). With the purpose
of illustrating, Figs. 1 and 2 show the near- barrier E2 photo-
fission cross sections deduced from the electrofission data8’18)

) .
(shaded bands} for 320 ana 238U, respectively, and those

deduced from the independent higher-resolution measurements of the



pﬁotofission absolute yieids and aegular distributions of refs.
16 and 17; it can be seen that good agreement in overall strength
has been achieved (see also Table 2). The lack of E2-strength ob-
served in the hadron-scattering spectra, after the subtraction of
the background, is somewhat aiarming. In this.regard it is worth
remembering that such strength has to be missed in hadron work
since there the backgrounds are drawn to exeiude everything ex-
cept the narrower structures sticking out from these backgrounds.

The physical guantity to be extracted from the electrofis
8) dp Tglw dB

L (E2;0) fr » where 2 (E2;u) is  the GoRr

strength function, and Ff(w)/T is its fission branching ratio.It

sion data is

is a well~known fact that the fission branching ratio for actini
de nuclei, from photofission experiments, at energies above

(~ 1~2 MeV) the fission barriexr, is nearly constantlg). Therefore,
. (w)
the shape of (B2;w) fr resembles the main trend of

gB (E2;w) as a function of the excitation energy w. Figure 3A

shows the results for the GQR of 238U obtained from electro-

2,3,8) 7)

fission and a recent. (a,a') experiment’’, Figure 3B shows a
curve representing the GQR strength function based on the theore
~tical prediction of Abgrall et al. 9); we generated that curve by
addlng three Breit-Wigner shaped curves having energy peak and

area given by theory 9

{see Fig. 4) and an width of 3 MeV  each
{which is reasonable for spherical heavy nucleizO)). The total
width obtained is 5 MeV, in agreement with the experimental (e,f)
result (see Table 1). Our simplified calculation using the Abgrall
et al. model does not necessarily mean that all the hadron re-

sults are wrong, but in the particular case of the GOR we have

demonstrated above that a substantial fraction of the total

E2-strength (see Figs. 1,2 and Table Zi is not obserred in . the
hadron scattering experiments. Regarding the theoretical preéic-

tions of ref. 9 for the Spllttlng of. the glant resonances we mﬁz

'that- in the (o,o ) study of ref. 7 the splitting of the , " Giant

Monopole Resonance (GMR) is well described bthhis theory, while
the distribution of the GOR strength'aisegrees with this same

theoretical prediction (Fig. 4); the'autﬁdrs of ref. 7. however,

‘do not even appear to be surprlsed.

We conclude thls report accentuatlng that the 1/3 of the
total E2-strength which is not observed in the GOR hump of the

238U(a a') spectrumT)

may well be dlstributed at lower excitation
energies, as found in the electron— and photon- induced fission
experiments. Therefore, the correct evaluation of the 1line shape
{peak and width) depends on the correct detection of the stnarﬂh
distribution, and not merely.on a bump sticking out from a huge

background. As.final remarks, we would like to point. out that:

{1} the findings of the hadron-induced experiments (zero E2~stnan¢h_

below 8 MeV, for actinide nuclei} for the GOR are physically un-

reasonable (as illustrated in Figs. 1 and 2 }; {2} it would seem
that a solution to this problem needs to be ﬂmxﬁ_hﬁime one can go

very far in the interpretation of the results, and before inferring

-too much on the basis of too little information; (3) electro-amd

photofission angular distributions have proven toc be a sensitive
tool for the study of E2-strength distribution, in even-even acti
nide nuclei, particularly those portions of the strength located

at low excitation energies (near the fission barrier).
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TABLE 1

238

Parameters of the GQR for the u
Reaction width Centroid Ref .
{MeV) (MeV)
theory 5.0 9.0 this work
(e, £) 5f1 8.3%0 .4 2,3,8
ni,%L1n) -7 ~10.5 5
+

{a,a") 4.0%0.5 ~11 4
(a,a") 3.0%0.4 10.8%0.3 7
(a,a') 2.9%0.3 11 6




TABLE 2

E2 fission strength concentrated near the fission harrier(SQT Man

.a)

b)
c}
d)

a)

ﬁucleus E2 stfengtha)

232, g % o0 ' )
234y 10 59 16 * 3¢
236 13 + 2% g X 2%
238 6 lai 7 %19

—_— E2,uw — dw x 100 where B(E2 18 equal to ohe
’ r n

E2 energy-weighted sum-rule unit.

Ref. 18.

Derived from the cross sections published in Ref, 17.

Ref. 8.

Derived from the cross sections published in Ref. 16.

FIGURE CAPTIONS

232

FIG.'1 - Solid curve: E2 photofission cross section for “°“Th at

EEE;_Z -
FIG. 3 -
FIG. 4 -

low energies (Ref. 17); shaded band: E2 photofission
cross section from the electrofission data of Ref. 18.
So0lid curve: E2 photofission cross section for 235{] at
low energies (Ref. 16); shaded band: E2 photofission
crosé section from the electrofission data of Refs. 2

and 3.

238U as a function of the

A) E2 strength function for
excitation energy w, from Ref. 7 {(u,a') and Refs.
2 and 3 {e,f). :

B) Theoretical calculaticn of the E2 strengﬁh funétion

238

for U (details in the .text and in Ref. 9).

Compérisoﬁ bfltheaGQR-cgnﬁfbidggnérgy from Ref. 7
(a,a')'and.Réfs.'2:and'3”(e,f) with the theoretical

prediction of Ref. 9.
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